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© Automatic optica! inspection of printed circuit boards. 

@ A camera (11) provides video data* of a surface of a 
scanned printed circuit board (12) in-.real time to comple- 
mentary fine and ; coarse flaw detectors (16, 17) which, 
respectively, detect flaws less thao or greater than a pre- 
determined feature size. The fine flaw detector (1 6) comprises 
programmed logic arrays for detecting different flaw types 
within a small patch of pixels. The image' at the camera {1 1 ) is 
broken down into a succession of such patches for fine flaw 
detection.'Theicoarse flaw detector (1 7) compares video data 
from the camera (1 1 ) with a stored master of. the surface under 
inspection; a reference buffer memory (19) being coupjed to 
the coarseilaw detector (17) for this purpose. The comparison 
is carried but by breaking the scanned surface data input 
patches. 



01 



XT 



)Li — 

j new 



mxasc* yf 



MM, 



— C -tr 



a 

Ul 



ACTOR UM AG 



0206709 



"o •-:.../„ j c :\*.v v (:« ; t ^ • ? LI;/;-; \ .. 

*' *' '^'*^'r ?"* . I*- : i.- ;io;.yi.;*_: . v. . . ** o : c.\ ^ 

AUTOMATIC OPTICAL INSPECTION- * - r ' - 

OP PRINTED CIRCUIT BOARDS 

^ . ■ = , n ; ?, ; r.T»i 'f . .; ' 

c ' 

- . " " '* "j ^-Ti'a-.^i 7 ' ' £ " » >f • • * ' 

• * ' BACKGROUND OF THE INVENTION 

* ' ) ^ ' '*'*: ' ft i ' - i ' 's. " * * 

• >r* - .' . *-c£i\ d.U.r . ' \ ... i 

A printed circuit board comprises a substrate, 
typically made of fiberglass or mylar whose surface has metal 
lines formed theieo^ conductors used to 

interconnect various circdit components and/or to external 
circuitry. In 1 order tb 1 keep pace with the -Integrated circuit 
industry/ featured ites r iiei; the metal lines and spaces 
between " the metal lines have shrunk to very small dimens ions , 
e.g./ 0.005 inches. While techniques for the fabrication of 
printed circuit boards have greatly advanced, a certain 
percentage of printed circuit boards come out of production 
with one or more of a Variety of flaws 1 *or example./' a 
printed circuit board may have lines and/or spaces too 
narrow, shorts, opens, pinholes or the like; any one of which 
may render the printed circuit board useless. Due to the 
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extremely small sizes involved , visual detection of such 
flaws is neither technically effective nor economically 
practical. Thus, automation of the printed circuit board 
inspection process is an essential requirement in the field 
of microeleqtrwicsr.p; .;o: v r ; r ' 01? '^'ja <v 

Various techniques are presently in existence for 
the inspection of printed circuit boards. One such technique 
is the reference comparison technique and involves the 
comparison of a test printed circuit board with a perfect 
master stored in memory. This technique has the capability 
of detecting all possible fla^ r : However, to realize this 
capability requires extremely large memory capacities, 
extremely high data rates and incredibly good registration 
between the compared test and master images . Thus, to use 
such a system to detect all possible flaws is economically 
not feasible. „ - . k- r , ; ^ , ( 

c, s ;•• Another ; techn iquja ,.#f r - ±nape$]t£$g : ± tlpPL i? printed 

circuit ; boards is the rules techni^ju/e ^nd^, consists in - 
providing video information representative of the \\ surf ape of 
a test l^pard to logic arrays, prograxnmed, in accordance with a 
plurality of rules algorithms eacb. representative of,, a 
particular ±ype of flaw. ; Tjbese Ipgic arrays decode the, video 
data for determination of the existence of one or .more flaws. 
However, this type of technique,; is limited in .that there are 
many defects which satisfy all; the rules and, therefore, go 
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/undetected;* :. : Vo^ example^ dea,dp sjiort ^.i.e*, a met*! 4* ne °* 
width equalv tQ.;or : grea t terj than . a feature size ^tween metal 
lines* or /traces, ^woul.d. Mj4--sfyc^L the rules r And »;till, go 
undetecjted teijice >t L woT4ld..be l.A^ a typical, .feature 

on the printed circuit., board. ^ ~< r r, ; , ; ? 

The present/ invent jton-.. provides a system for the 
inspections of printed circuity ^boards vhiph joyercomea the 
above disadvantages . » v - r ? * ti 7 ; p . ; . . ; - 5 r 

BRIEF SUMMARY OP THE, INVENTION , ■ , 

j, ^ ; 1% carrying ; puj: , th;e priesent .invent ion^ a video 
camera scans; the; illuminated surface; of, ?i a printecf circuit 
bp^rduto. be f inspected* for. flaws - such as ^etal conductor lines 
and; , spaces , top. narrow #i ( s hor ts. 9 open, circuits and? the. like in 
,the circuit patterns formed on the surface of the printed 
circuit, board.; r : The y.idep camera ;is^ ^periodically sensitized 
to; receive video, information representative of the .surface 
scanned and. emptied; i^t8 video contents ..with e$ch such 
event constituting a- scan line. A video processor converts 
each scan line of ^ yidep-data .into al a A: d^^tal. streani of . bits 
each;, representative .-of, a :t picture element, or pixel of, the 
surface being^ scanned* The >optput pf : the video processor is 
t fed to a fine f lav de tec tpr r which .detect,^ flaws less than a 
.minimum feature size/ {i ; .e. r the .width, of a line or space and 
to a coarse flaw ; detector, wtiich detects flaws equal to or 
greater than a^ roinimum 7 f ^at t aje ^ize.; By use of a fine flaw 
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c«- : -getect'or* and' ^^coaTse liaV 1 : ^et^ct^i:7^t^-the-^uniqae -cofojJlementary 
? "fashion of We -preseht *inve'nU^nV*he totenibry^Siae , * data rates 
- "and ■Wktr'emteiy^ Wfctirate 1 kfegx^fcfc^idn 1 Tequiremehttf of the 
reference ; ccMpa^ -stored feaster Image are 

5 greatly reduced and the profcl^fit 1 asVbci'at^d- with; the rules 
technique's inability to detect certain flaws is overcome, 

' — ^"When a prihted^fei^c^ bbard Is placed on the 
lns^pectiori tabW/ aliVntifent of 1 the ^ca&era 4hd %he : printed 
circuit board under test is obtained- by detectihg and 

10 recording the locations of fiducial marks placed at each 

corner of the printed circuit board during manufacture. This 
data is compared to* prev^oiis^ locations of fiducial 

marks of a stored master to provide information which under 
computer control is used to align the printed circuit board 

15 in& camef* in the X K an# r Y -di*e<fclofcs^ Weak* of X and Y 

- : seWosv--'tt ; -aestfed' t a t; -l9 2 -' fcefc^toky'W- it&iudfed: v £tf order to 
— - xotatibnaliy a^lign W teU&bbar& a# ttttffif in>'Fi$tir* 2B and 
1 described in the section entitled OESCftIP9P3?6N'X)F INVENTION. 
Th ; is same inforrat&ori -"'is alsb used ^tb-iaetermitfe the degree of 

20 ; distfbrtlWn of f k test^ prltfted? ci^ctfit? board- ifc&ge* fro* the 

standard or mister ifcai^* stored ^Ih^io^Bc^^^' If -thfe* distortion 
of tfce printed Circuit : h^ktt Wittfi^^pr^t^rmintf* - : 
standards 9 r the tftecesskry Idiatdrtibn^ c»rx^tio^^ parameters 
1 necessary to dwaptehaate fbr &stcfction- are calculated and 

25 * correctibftis are aiaufe." -l£ thfe? distortion of^ the prihted 

; ^ circuit board -is outside r the predetermined tolerafice, the 

printed circuit fcba£d re jecfcid \- % Thfe ^arc 1 information is 
used to register the* test printed circuit -bbard image with 
tfcfe 'stored- master image sbv€hat : -the" dfcta provided by the 

30" ■* camera £n real time Wptesefj^tavfe of ^he J - — : 

surface of the scanned printed circuit board is compared with 
its exact counterpart of the stored master printed circuit 
board. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of the printed circuit 

^ ^ rj --rs'- v,^ JL&c ;,:::>?..$ o a.' .r^JM:^; - ' 

board inspection system of the ,pr£sent invention; 

Figure 2A is a top view of the camera control 
system; and. 



system; and 



Figure 2B is a front view of the camera control 



Figure 3* is a a block diagram showing a clock 



synchronization arrangement. 
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DESCRIPTION OF THE INVENTION ' 

' ■ : } ..-^r, — ^ . „ . TJ 

Referring to Figure 1, there is shown a block 
diagram of the printed circuit board inspection system 10 of 
the present invention. A camera 11 which may be a charged 
coupled device (CCD) array is disposed adjacent the surface 
of a printed circuit board 12 to be inspected. The camera 11 
(alternately referred to as CCD array 11) is moved relative 
to the printed " cVrculVbc«Vd' 12'' tb^ inspected. While 
either the camera 11 or the printed circuit board may be the 
moving element, for purposes of description, the camera 11 
has been selected as the moving element. Depending on the 
size of the surface of the printed circuit board to be 
inspected and the "length of! the CCD array/ the surface to be 
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inspected may be scanned in one scanning action or may 
require more than one scan to view the entire surface under 
inspection. As is described in reference to Figures 2A and 
2B, computer controlled X, Y. and fi servos control the 
5 scanning function of camera 11. 

The CCD arrays of the type used in the present 
invention comprise a plurality of light sensitive elements 
arranged in a straight line. In a practical embodiment the 
CCD array is a linear array having 2048 light' sensitive 

10 elements and is 1.024 inches in length Such a CCD array is 
available f rom Fairchild as the Pairchild CCD 143. Under 
these conditions each light sensitive (pixel) element in the 
CCD array is 0.0005 X 0.0005 inch square and the array is 
capable of resolving over its length ,2048 picture elements or 

15 pixels. CCD arrays hiving 1 a -gxeater'or smaller number of 

light sensitive elements could , of course, be used depending 
on the degree of resolution required and scanning swath 
desired. 

As is well known, a CCD array has a sensitized 
20 state during Which it records' "video, "data viewed and a 

transfer' state during which it transfers the video data out 
for processing.* Sensitization and transfer of data from the 
CCD array is under timing clock control as is explained 
hereinbeiow. " To inspect a surface/ sensitization and 
25 transfer of video data from the CCD array must occur a large 
number of times." For exa^ie r If one wishes to view a 
surface 1.024 by 1.02V inches at" the highest possible 
resolution then a CCD array having 2048" light sensitive 
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c elements each .p,. OOO.5. ( x^0.ppO5. inches . square would have to be 
sensitized and emptied. 2048 ; times, during,, the scan. Thus, in 
this particular, example... it .takes. 2048. scan lines : tp view the 
entire surface.. Therefore, for. each, scan . line. the. CCD array 
outputs an- analog, signal^rfpresentative of 2048, pixels. If 
the surface to be inspected exceeds 1.024 inches in, the Y 
direction, more than one scan is required to completely scan 

4 the surface being viewed. 

... , - . 4 ........ ~ ... * t 

Irj c$r*;ying out image generation utilized, in the 
1Q present invention, the CCD array ,11 „is sensitized and data 
transferred therefrom for each scan^line^and this occurs at 
_the pixel clock rate V v An exposure pulse transfers the 
accumulated! charge, in the CCD ^arr^y 11 into the transport 
register contained, in the CCD array 11 arid , a ; transport 
15 . . register .clock .transfers this video, data < out of the CCD array 
.11. The exposure ,pul§e i occurs once for every line while 2048 
pixel clocks , occur .for ^vety ( scan .line* 

A light sourqe 13^ illuminates the surface of the 
printed circuit board 12 as it is scanned by the. camera or 

20 CCD array 11. The ^ight source A3 may comprise a beam of 
light normal to the board for smooth metal surfaces and/or 
light sources directing beams, at oblique angles to the 
printed circuit Jboard ( in order to properly illuminate 
irregular copper surfaces and sjabstr ate edges. The normal.,. 

25 beam provides a highly reflective signal from the smooth 
copper surfaces back to the Cpp array. Beams directed at 
angles provide a dark field, image. r , ? - 
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The output of camera or CCD array 11 which is in 
analog fornix's proVidSd to' video* processor J il . The video 
1 processor 1*1' converts '' tfie :i anal^~ > vi3eo v 'signai from* CCD array 
" r;: * 11 which' is *e£fe£Shta£i9^of ' tS^^MlS 'in' feath s'catf line 
*" 5 into a di^taPSighki^TO^ 1 ■as each 

reprfeiseiltktiVe Sf : * &*frl' £*£ 7 as " vl fe&fed'* by° ttiS r ctb iirray in each 
scan line. 

The video processor " ii * aiso u p4rf oris gain" and 
offset correction on each of the 2048 detector elements that 

10 make up the CCD arri? -in cimerk'li. ' G&Ln fcdrrection is 

accomplished by horiializTng fefie ifespbn^ivitii^s d£ e£6h of the 
""2048 detectors in tie arriy r Wiie ' Viewing 'a tinif otmiy bright 
field; 4 Of f set correction ^ "is accomplished by ndfmalizing the 
dffsets tto t^icali^ 2ero ; vbfts)"6^ 

15 while*' Viewing a dark ¥tield ( lens £ip^n> ''ffie/'delictSr 

v Values fdr gain ahd £f '£ iei ' cdz$£i*ti%tii J ( 2048 ^tdtai ) - ; are read 
into tliet control pr6c6sscfr* "24 \ril " i'rit^rfit '^s iWL through 
interface 20 . The <Son£i*61 praties sor ; 2*4 ^therr^irf onns ; the 
computations for gain and offset correction. The correction 

20 " value's, 2048 for gain l *n&*2&4B l [tor offset, are then written 

into the video processor gain and offset kAMS^Clbcatt^d within 
video processor 14) (2048 x 8-ilTS) respective!^' 2 

The gain corrections compensate not only for CCD 
non-uniformities but also for illumination non-uniformities 
25~ as viewed in the fd^al' plane. ix ' k * -- v- 

"While viewing "the test: image, the video processor* 
14 performs the gain ihd offset 'corrections in reitl time on 
each pixel then thresholds the analog video and outputs the 
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binarized pixel video. The threshold values define the 
transition. -.points^in ttie image be tween„ substrate i. and copper 
and vice versa and .may r al€jp be loaded, via. control processor 

1 " ; - . " £m L ,# : i *'-.r : , c; r. ■ , & . ^ 

The output of-yideo ; processpr ; 14 is connected to . 

fiducial detector 15 and fine flaw detector 16. 

The, fiducial ..det^cjtpr. 15 detects the Ipcation of 
the* fiducial marks ,pn. the board under test. . The locations of 
these marks , relative, to those, recorded previously yhen the 
master, image was generated , allows, for precise registration 
of the reference and test^imagee. Also, misregistration in a 
test image due ; to board,, distortion greater thap ^ minimum 
feature size will; be detected and will, be suf f icie^ cause 
for rejecting the board under tes.t^ Misregistration, less 
than a minimum feature si2e due to distortion or other causes 
can be compensated by use of. the measurements of the fiducial 
locations, as described below. 

■; Fiducial lojpatipn ? detection is accomplished by 
correlating the ,*e<al -tiiae^ te^fc f iduqial image, with the like 
stored fiducial image.: When: detection occurs the 
corresponding x r y locations ,ar:e stored. ;f The test fiducial 
image is generated in the fiducial detector 15 from the video 
processor 14 pixel, video outputs . , The stored fiducial image 
may be downloaded ^into fiducial detector 14 via .internal bus 
22 and interface 20 : from control processor 24,. ? The x, y 
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"'pcsitibh 'data^irfe-lhpttttSd' tlb the fidiiciaKdetector 15 from 
'the "positioning sjstdm" 2i ;t via J '€he i? positi6n"'-bQS^ '32'. Thus the 
test image, from video processor 15, and its corresponding 
position data, from positioning system 21 are preset for 
fiduciflLl detectxoh ahd : ' location V :; ??- t; ' 

The fiducial location data may now be read into the 
cohtfol proctessor 24 whicE" makes 1 the distortion correction 
computations (cort'elktion&i { neees&ary for registering the 
references and test imageisv performs board mlsregister tests 
and detefmineW 1 ' the starting Ibcatibhs for each strip to be 
scanned over the Entire -bbardi ^ ^ in essehceV this consists of 
a linear two dimiensibnal* matrix- trantfformat ion of the test 
' ima'ge into the reference image 1 thereby' compensating for 
distortion in the test board. * - ^ ^> : : " r / 

- The fine 5 flaw 1 detector *1€ greherates an^ image 
window, typically 16 x 16 pixels 7 In si z^i used to- detect fine 
flaws, A number of specific fine flaws may be detected in 
the fine fliw detectors 5 Vi* defect masks .infplemen ted with PAL 
devices (Programmable Array' Legate Devices). These flaws are 
provided to the control processor- 24 by. means of the internal 
bus through the interface 20 v — ' - \ 

A memory address generator 18 hats an output 
connected to camera 11 knd to "reference buff er memory 19. 
Reference buffer memory 19 is cbttnected> to coarse flaw 
detector 17. 

Video processor 14 , fine flaw detector 16, coarse 
flaw detector 17, fiducial detector 15 y memory address 
generator 18 and reference buffer and memory 19 are all 
connected to computer bus 22 via interface 20. 
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A positioning system 2.1, is , mechanically connected 
to camera 11 for moving the camera 11 in the,X,.Y and (if 
desired) 8 directions.. Positioning system, gl. is connected to 
computer bus 22 r and via compate^ bu9,22.,tp random access 
5 memory 23, control processor , 24 y Keyboard 25 , ; disc memory ,26 
. and printer 27». .^f,,^ ^..-r; r ■. : c ! - - - v- - • 

Positioning s^steia 21 also receives an input from 
crystal oscillator 28, Crystal oscijlator 28 provides timing 
signals via timing board ,2 9 ; to timing bus 30 which has a 
10 connection to camera 11 .. Thus , timing board 29 provides 

timing signals which include the pixel clocks to camera 11. 
Any additional camera/channel module, which may be added to 
the i t system, will also.be connected!, to timing, bus 30 * 

Positioning system 21 has An output connected to 
15 fiducial detector 15 and memory address generator 18. 

The CCD camera 11^ requires both pixel clock and 
exposure pulse inputs; in, or£^.r to provide the output video 
signals necessary in scanning printed circuit boards* The 
pixel clock inputs are provided to camera 11 via timing board 

20 29 which is. driven by, crystal clock 28 The exposure pulse 
input is provided to camera, 11, via, the memory address 
generator 18. These exposure pulses are genera,ted in memory 
address generator 18 at precise spatial intervals, equivalent 
^ to the pixel pitch and thus provide the proper line to line 

25 spacing (typically 0.5. mil) in the direction of. motion 

(x-direction) . The memory. address generator 18 outputs these 
exposure clocks as a function of the input x-position 
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-^^v'iaea ' bf[ the ' pbsitIo r riihg v £ys£em 2i via the position bus 
32. This* is accomplished in '"' the memory' address i generator 18 
i •■. ^y. pei j. f ortaing " a - table ' look-up operation whose input address 
is-the'cu'rrefir value; or'Ehe k-po^ition ; and whose 'sTngle bit 
3 -5 • 'output -is thi ^corresponding exposure 'pulse. Note that the 

look-up table is a RAM whose address space "corresponds to the 
x-dimension of the Printed Circuit Board being inspected and 
t* . -whose' single* bit output'"!!" ihe e mx$ok&i : pulse. The 
'' x '" distortion correction algorithm ' (executed by control 
10 process'or 24) 'determines" 5 a£ ; what posi tions " the exposure 
; pulses should occur and stores' 1 the exposure pulse bits at 
these locations ^(addresses) 'in the RAM 23. These locations 
' "are ; d^et^rtoihed by meastfr itog poli'^ions of 'the ' fiducial 

marks on the test "b6£t$ with respedt to those measured on the 
15 reference image and performing the linear two dimensional 
' matrix trans 5 f ormations of "the -1-est 'image into the reference 
image'.' ' 7 * '''' ' '' ' * : « : -'^ •' : - ' 

The 5 exposure pulses 'are generated in the memory 
* ! address generator 18 by heading air InternaT 240,00ux 1-bit 
20 RAM as the 'camera '"'is' mato£iig tl in''^4 'X^£z&tion.' y *Tne x- 

positiori of this' moving camera d%rec%!l!y^ RAM. 
There are '240,000 lobatlonS : or addresses tin this' example) 
corresponding to 24d # 000~ ence^iP ciockls ^OVOOtO per inch) 
; t over 24' inches bf ^avel. ' When' %he Single" bit output of this 
25 RAM is read as a logic "one" an 'exposure pulse Is generated 
: at the proper location while a logic "'zero* read-but means 
that "do "exposure 1 pulse is" generated at "that address 1 Note- 
that for the lease' bf Oi 5 ' mil • pixel-to-pixel spacing in the 
direction of motion (x-dire^tlofcO a maximum of 48,66V 
30 exposure pulses can occur over exactly 24 inches of travel. 
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•.Also note.that;-pEior ; tc rscanning and after the test 
bpard.distprtipn- has. .been ^determined*, via, £he- fiducial 
measurement^pf the Ipqat ion ,pf .the jtes.t ys reference image, 
the required . dis^rtion ^comp^nsa^e^ ,48 , 000 r exDesure. : pulses 
can be.-written as logical ^ones", at,, .their proper locations in 
the: 240> 000 -address .; space of-^the RAM by the,, central processor 
■24,. •:■ • •. :-.\...r-j •.' ■ '.it-'. - 

••u j '.. • ?. i . i. ■ . .. . . . :i~ !.•.!-• «. ' ■ - -j. 

; The, encoder '.clocks s in the x-y ppsitipning , system 
are the basic -clocks i used, to; generate the ppsi1;ion 4ata 
output in positiqn,,bus : ,32 which in turn generates the 
expo.sure : pulses y ia ...memory address ' generator , 18 . 

-■ :l „ : . -The x camera c ppsition :Output is* generated, by., 
cpunting^its x^encoder -clocks ■ from, the, x-axis .origin (where . 
the; positipn H cpunter is e r«set-to «erp) _ as the - : camera travels 
from 0 tpr,24 . inches, v maximup.. ; The counter^ will, count down 
when . the encpder^senses .that .the camera has . changed . , 
direction. :i In o^der- to ^ynGhTOnize the exposure pulses, with 
the. pixel pipe*? at! the ; , CCD j£n camera. 11, , the ..encoder clocks 
...are synchronized; .via crystal, clock 28 at positioning system 
'21. _ - .•• r - .r.r , J * 

Synchronisation may be accomplished any number of 
ways such as using an appropriate arrangement of flip-flops 

was shown in Figure..^ ; The relatively ; lew frequency encoder . 
clocks;may be.clccked by-the.much higher frequency pixel 
clocks, as. shown, .This: arrangement keeps .the resulting jitter 

, of the synchronized < encoder ; ?locks to within . one pixel clock 
.pe.ripd,.;wMch : ..is f? sniaU ? .rela ; t|ye.tp the. approximately. 2048 
pixel clocks per exposure puise. The exposure pulse is then 
derived from these synchronited encoder clocks as previously 
described. 
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p'revfdasfly-poihfeed-'but, -the fiducial detector 15 
which" receiveV video ' : i ! ri^u€s £r6i&sfc r he< bamera' 11- representative 
•~of the "'fiducial ma^kVl^calfed-'a^etitid the* periphery-of ■ the 
• i bbaWu ; nderHes i t *iso'"ti*& fi ffl-*&pGt3-tte& ' the 7 - positioning 
-system Sir 7 -fhe r 'inputs ft<M c ih£*§oBiii6hinq3sys*e&*21 -provide 
" the real time r x, y d6&6tiu&' Nations i^bf the ; fiducial marks 
on the printed circuit board under test at the time of their 
detection by fiducial detector 15. These coordinate 
' locations 1 X atid Y ire stdred^ia^RA^^knd ai& used to 
determine the precise X and *Y coordinate locations 4 of the 
fiducial niarks. c5 This enables the ; X "and Y ; offsets and angle 
between the scan 'head a «td 4he prifited circuits board 12 axes 
to be determined to permit the positioning system 21 to align 
camera ll^and printed circuit board-12 :, to each other in the 
X , if and ^- t if desired ^direction 'prior * to scanning' of the - 
printed circuit board 12 f by f caaiefa 11**- These i fiducial -* 
measurements are" J also used tb'me^suW^the^amoufit of board 
distortion" ■ that may -exist jb^tween^tKe stored- master and test 
printed circuit board ima'g^s- !7 pro^fd4d-5y camera^ 11.: This 
distortion measurement ' permits • X s a'hd - Y axes distortion- 
corrections to 6e made in WdeV to maintain proper alignment 
or registration between reference and test images. If the 
distortion is greater than a predetermined amount, the board 
'is rejected. ; V r, ( - y .v.:.- :«:;nv;; 

1 f As previously pbiritied out- a v feature of the present 
flaw detection system is the 'complementary"' use '''■of' a fine flaw 
detector using rule's algorithms in Conjunction with a coarse 
flaw detector wherein a test b^ard ii ;? compared: with a stored 
master. L In carrying but the -present '^invention a unique fine 
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flaw detection system is combined with a unique coarse flaw 
detection system and misregistration/distortion correction scheme. 
Thesi <HLaw -detection systems^ -arid Misregistration/distortion 
correction scheme's 'We-'fu£iy closed in -applications 'entitled 
^Fi^e v, Flaw 'r)etect6f Toir 4 Pfiited J eitcui : t BoaVd^ , ^ :; IJhited States - 
Serial Noi : 745V§66; S "Co^^Tlalf "De'tettor T6r ^fiht^d ^Circuit Soard 
Inspectioh^ { Unitied : St^ and 

' ! lttsre£istratioV^ Cbrrectto United States 'Serial 

No. 745,968, for reference and test patch comparison technique used 
in the "Coarse Flaw Detector For Printed Circuit Board Inspection" 
identified above. - Copies *of tfie specifications and^ drawings of 
these applications "arfe formally incorporated for disclosure purposes 

in this application. ^ .,■„,♦.- 

However, for.' purposes of a fuller, understanding of the present 
invention the fine and coarse flaw detection schemes are briefly 
described hereinbelow. . r . , - . . • « 

The fine flaw detector 16 detects flaws with dimensions, less> 

<*: $y.i :; ' - >if> — v : -' ' - : 

than the nominal line/space size while the coarse flaw, detector 

detects flaws greater than or equal^to the t nominal line/space size. 

The- fine flaws are^detec^ algorithms vhjll-e the^coarse 

flaws are ^detf cted. u^ng ,t;eat and ; reference or master? 4mag£ r 

comparison ft ecliniques .. , ^ K . >*; x ; ^ ; ;' , * k *. 

The fine flaw detector 16 receives . one bit quantised y^ideO; and 
clocks from video processor 14. It searches for flaws by viewing 
contiguous patches^ of 16, 16 pixels ^ver the entire board. The 16 
x 16 pixel, pa£ch could,, of; course,: be expanded; to any n x n pixels. 
The patches- are ..generated;; via jan. equiivalepit serpentina connection of 
"n" d b elay lines* ea.chyfollowed by- ,T nV-bit shif t registers; 
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........ Eaph^delay line^^ 

Hight Bpee<3 VLSI L RAN 1$ aroused : ,^q r .jpe^f prin.vthe delay -line 
function, efficiently yin^^zi^axt^e, c^ve^alX ( .^chip ; cou^tv The 
inf prmatip^ sp coaf igyred^. : i$ . Pf ^ided t a$ 3 inputs , ; to. , logic 
arrays programmed ^according ^ t9^,pre4eiermined rules, algorithms 
to detect any or*e of a variety, of , flaws in a printed circuit 
board * , _ 




Coarse flaw detector 17 detects coarse flaws by 
comparing the differences between registered test and 
reference patches. Overlapping 16 x 16 pixel test patches 
are generated from the sixteen video delay lines of the fine 
flaw detector 16 . (acccra^yiiig specification entitled Fine Flaw 
Detector for P.C. Boards) . Thus, instead of 

duplicating sixteen video delay lines again in the coarse 
f law detector 17/ these same lines iay t>e usek directly to 
provide r s v et$ 6f 16 x 16 blV"^t^ compared to 

lis x 16 pixel ref feretfci 'pi'tcfies" $inerat£d *f r^fla "the mister 
memdry with" a ; distbrt ion corrected iddress provided by memory 
address generator 18 r this" address? li r: ^neiri^ed as a 
function of the real time X and Y positions of the scanner 
-via^ ptosltibnihg 1 system r 2i 3 * ;i '^-^-^^ - 

Whenever a f ine br 1 ' coarse' r f law is detected, an 
interrupt is generated and seftt- to control^ processor 24 via 
computer bus 22. Type and" locatldn of ^ f laws' maty bo stored in 
disc memory 126 and/or printed by mieans of printer 27. 

Keyboard 25 may be used by an operator to program 
the logic arrays of fine flaw detector 16, and establish 
accept/reject thresholds in flaw detection and the like. 



0206709 



Memory address generator 18 provides distortion 



corrected. addresses to reference buffer memory 19 resulting 
in ^reference patches which are properly registered to their 
correspppding test patches..,. The distortion corrected 
addresses are generated as a function of real time coordinate 
inputs from positioning system 21 and distortion data" 
previously measured and loaded into memory address generator 
18 yia computer bus 22. A distortion corrected (along the x- 
axis) exposure pulse., tq camera 11 is also generated by memory 
address generator t 18 ? which properly registers and 
synchronizes the test patches to the reference patches. A 
pixel gate is also generated by the memory address generator 
18 for proper registration and synchronization of the patches 
along the Y-axis. 

.„ ^ . . Th,e foregoing explanation presupposes the situation 
in which a single scan by camera 11 views the entire surface" 
of the printed circuit board under inspection* 



In the case where more than one scan of camera 11 
is required to scan the surface of a printed circuit , the 
printed circuit board 12 is placed on a vacuum table and 
camera 11 and light source 13 scan the printed circuit board 
in a^ boustrophedoaic manner yia computer controlled servos 
which move camera 11 across the printed circuit board 12 in 
the X, Y plane as shown in Figure 2A. In this case the 
detection of the f iduciala. in order to align the printed 
circuit board under, test is accomplished by causing the 
camera to .scan around the perimeter of the board. 0 In this 
way the positions of the fiducial marks are detected and 



- 18 - 
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recorded. Prom this data^ control processor" '2 4 aligns the 
printed circuit board 12 and camera 11 in X, T and e (it 
des i red ) ^ via * X , ( Y " anS' servos^" if[ ^^33, * respectively , 
as shown "in Figures 5 a and 2B , '''£ncluded'"'ih positioning system 

21. 

In toustrophedonic "scanning only ^ 
camera/channel module is sliown . 'However/ additional ^ 
camera/channel modules may be* fdiied in ^rallei to increase 
the instantaneous" field of view'and throughput; r Hence, in 
the limit, the field' of view of "the camera/chahhels covers 
the entire, width ''of the pknt^circu'ii 1 Board requiring only 
one scan to inspect ' thi'antl'ra pr'intad* i felrc i uit' , 'boaira. j " In 
such a system (which, in fact, is the system" described above 
in reference to Figure 1) the camera 11 is a single unit but - 
made up of two or more CCD aixayS" in" an abutting 
relationship* ... 

Figures 2A and 2B illustrate the arrangement for 
controlling camera movement and "wherein "''position and speed of 

the scanning camera 11 is" tra|V*\ ^«^^'^ r *» 2A 
and 2B show the control arrangement for moving' camera 11 in a 
ooustrophedonic fashion. .However, the 'control system 1 is 
easily adaptable to a non 1 boustrophedohic scan by omitting 

; < . t* " !. , . -j, -y * "CX'.'V-''' f , :'-V- ""V". :•" '' ' " 

data representative for the Y direction '. 

In Figures 2A and" 2fi motors* 3lV 3T2 and 33 (included 
in positioning system 21 of Vigure* 1)' are c^tinected to' drive 
the camera in the" X, Y and"* .(If desirSdf '4irecti(AS; Each 
of the motors 31, 32 and 3Y also "include tachometer 
generators which provide signals X-VEL, Y-VEL and 6 VEL, 
respectively, representative of velocity of the camera 11 in 
the X, Y and 0-(if desired) directions. Also, position 
encoders 34, 35 and 36 are connected to camera 11 and provide 
outputs representative of the instantaneous position of 
cmra 11 at all times. 
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Camera 11 is "powered 11 up via DC power supplies as 
shown in Figure -Camt^a "2ri receives °its^ input pixel clock 

(PC) from - Timing 'Board whibh r de^ from crystal clock 

28 • The exposur4 ' pulse ; xh^ut -'to camera r ll is f provided by 
5 memor^ address g^nerat6t°f# as 'shown £h Figure *1. : Pixel 

video is butputted" f rbnT c*£mef a* 11 aldrig with 'output' - 4 - ^ 
synchronizing clocks fc 0 x ' and PC: - * 

During initial ~aiigninent , camera 11 would Be 
aligned in 8 ( if desired 1 'such that the linear array (the 

10 2048 detector elements ^albng the x-axis) is orthocjbnal to the 
x-axis. This would be accomplished via thfe *8" servo 
comprised of motbr-tach ^3' and encoder 36. The 0- drive 
input for motor 33 would be provided by positioning system 21 
whose servo controls iiae the €f- encoder ingle signals 

15 inputted to positioning system 21 "from motor /tach 33 acid 

8 encoder 36 respectively. When the 8-error reduces to 

zero , the camera "is " L ' £rop£r ly al igned . * 

Prior to scanning klbng the : x-axis # as shown in 
Figure 2-A, camera 11 is' positioned along the y-axis such 

20 that" its CCD array is cehtered^ilong the X-strip to 

be scanned as 'shown. this "is accomplished by the y^position 
servo comprised of motor tach 32 and encoder 35 and 
positioning system 21. the y-<irive input to mo tot- tach 32 is 
provided by positioning system 21 whose servo controls use 

25 the y-velocity and y-ehcoder bibck (used td determine the y- 
1 position of camera 11)' feedback signals from motor/tach 32 r 
and encoder 35 respe^ position ciainer a 11 in 

the y-direction. 



11 * i*" * *» j * 1*' . 
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„ ,., T .,; ..After camera^ h4S^ m ^roper^y p^ition^d in x 
r and in. y,, it ia • ready^fe.r .-scanning ^ . : s£rio. .along. ?-axis 
,,aa ; shown • in -.Figure. ,2£, c . This ..f.s^a^Q.oniRl ished by driving ; the x- 
seryq at r a 4 constant yelo^i^ a^ong^. , £hf 4 ? s • fe^-f 1 "•® rV ° 
5 ia compr^^d , of , motor/ tach ^ . agd ? enco4er , 34 and dos i^ioning 
ayatem 21. The x-drive f orator tach 31 i a provided by 
poaitioning ayatem 21. The x-velocity and x-encoder outputs 
from motor tach 31 and. encoder 34 respectively are inputted 
.to poaitioning ayatem 21. i^ order ^to . complete the. servo loop. 
10 , Thus, camera. 11; scans along ..^ 

generating aines of .. vide$ at "typically .6^.5 mil spacing until 
the end of the active, atiip' ja ,"^etected.' The x-poaition data 
is obtained, via counting x-encoder ; clocks. ^ The e?po6u're (0 X ) 
pulaea. which drive, the camera are^eriyed^ from the x-poaition 
15 data.a8.de8cribed above r; - .,, . »u<- :■ .C- 



20 



After a strip has been scanned f camera 11 is 
repoaitioned along the y-axia via the y-eervo such that it' a 
-CCD array ia centered on . the next continuoua atrip (except 
for a slight overlap in the. v-direction) aa shown in Figure 2- 
A. The x-aervo then scana. along the, x-axia but in the 
Opposite, direction via the servo ,as described above. This 
proceas . ia repeated until,; the,, entire boar.d^ haa been 
bouatrophedonically, 8canned in both the x. and y-directions. 

Other modifications of the preaent invention are 
25 posaible in light pf the above deacriptipn which should not 
be' deemed as- placing^. Um^tatisOns,, thereon, t^yond those 
limitations set forth in the claims which "follow: 
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" 1 . A systeiirf or dfetermrhing - f f 1-aws- xn the ^ metallic 
lines and/or space the re^^ * 
printed circuity board, comprising: 

- ; - Camera /iiefcns"-' fkir • Vl ; ewi : rig the #urfkce and providing 
as an output video data representative of the surface viewed, 

first flaw detector means connected to said camera 
means for detecting flaws in said metallic lines and/or 
spaces less than a predetermined size, - 

\.< < ^cbn# ^ to said camera 

rnean^ for detecting -na%rs ih'said metallic lixtes and/or 
spaces equal to or greater than a • predetermined size, 

2i k 'isyiiem : d6ccT&£nq to Claim I wherein said 
first flaw detectoir means 1 comprises: ' 1 



ibgic 'array means- programmed fco detect on* or- more 
flaw types in the metallic lines and/or spaces on the "surface 
viewed by said camera means. 

3. A system -according to Claim 2 wherein- said 
second flaw detector means comprised: ^ - 

memory means storing a master of the printed 
circuit board under inspection , 

comparator means for comparing said video data with 
said stored master to detect flaws in the metallic lines 
and/or spaces on the surface viewed by said video camera • 
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4. A system according to Claim 3 further 
comprising: 

motor means connected to said camera means for 
r scanning 5ai^ : cae^ ; ^w.JLn ^ioustrojphedoiiic manner across 
-.the ;; surface o£ sthe \.^xv,t^^r^^k. bo^r^, % . 

means connected to said motor means for aligning 
said camera, means in* the direction o^^scan ^prior to each 
scan< . ^ .■»■•*■<■■■■. *■< ■ - - *■ a-' r " 



. ^ 5 . X system accprd^ng ,to t ,.4 : f ur;thei: 

comprising: , . * ;r- v -* 4 - ^* 

: memory means storing;^ of 
fiducial marks on, the corners or other, areas of the reference 
printed circuit board, . . ^ ( ._. . 

.. ^ : . , motor means causing .said camera means to scan 
around the periphery each printed circuit board to be 
inspected to obtain the coordinates of said fiducial marks on 
said test pointed ^ci$<rait, -prior; r £q .each inspection 

operation, ;Ui*K- " , j 

processor means comparing the stored coordinates 
with the ones provided by said camera means to provide a 
measure of the distortion; of sai4 .test pxfint^d circuit board 
with said stored reference printed circuit board. 
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6, ,A system according to Claim J5 wherein, 

said processor means provides an indication when 
said distortion exceeds a predetermined, amount, 

J . r: c: ::?>Icri li c 

said processor means provides compensation for said 

distortion of said test printed circuit board relative to 

said reference printed circuit board when said distortion is 



below said predetermined amount. 



7. A "system according to Claim 6 further 
including: ' 

illuminating means for illuminating the surface of 
said printed circuit board during the scanning .thereof , 

said illuminating means ^comprising, 

. first light ^ source means disposed normal to the 
printed circuit board and, 

second light source means disposed to direct light 
at said oblique angles to the printed circuit board. 



8. V A system according to Claim 7 wherein said 

' ., fe .v j rri; ' i i.'V r ,** ^ :i . *- v • - ? i-*.;> 

camera .means comprises :. . ^ 

an array of a plurality of charge coupled deviqes 
arranged in a straight line. 
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^" '9. A system "according to Claim 7 wherein said 

camera means comprises: 

*. . ■ -c- ; -a ?;l- ! .';v\c 4 :t*.-;j =ic-.: r*:<-. \ - 

a*" ^ plurarrfe^" brVrrays bf charge coupled devices in 
abutting relationship of sufficient length to scan said 

printed circuit" bokrd in '%> single pass, 

r. \; *. ; : ." \ > ;:-.^ k,r: J . s 'zq t 3. 'X o 1 

10. A system according to 'Claim 9 wherein said 
system is adapted to include sets of said first and second 
f law detector means for each set of said plurality of arrays 
of said charge coupled devices. 



" J 11 • K sfs tern, according to 'Claim 6 wfierein said 
processor means includes; 

means idr registering said video data obtained from 
said camera means during a scan with data outputted from said 
memory meins ' s&ih that tb^^videb ^ti ^representative of a 
test printed circuit board is registered with t!he data from 
memory representative of the reference printed circuit board* 

12 • A A system according " to cialm 1 0 wherein said 
processor means includes; 

' means tor registering said video data obtained from 
said camera means during a scan with data outputted from said 
memory means such that the video data representative of a 
test priTntfed circuit board is precisely registered with the 
data from memory representative of t&e reference printed" 
circuit board. 
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^ surface under inspection, a reference buffer memory (19) 
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— . pose. The comparison is carried out by breaking the 
™ scanned surface data input patches. 
O 

<D 

O 
01 

o 




Ill 



ACTOHUM AG 



European Patent EUROPEAN SEARCH REPORT 

Office 



0206709 

Application Number 

EP 86 30 4611 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 
A 
A 
A 
A 



US-A-4 500 202 (B.E. SMYTH) 

* abstract * 

US-A-4 442 542 (T.-T. LIN et al.) 
abstract * 

US-A-4 233 625 (N.G. ALTMAN) 

* abstract * 

US-A-4 481 664 (C.J. A. LINGER et al.) 

* abstract * 

EP-A-0 135 302 (LLOYD DOYLE LTD.) 

* abstract * 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. CI. 4) 



1.2 

1,2 



G 06 K 
G 06 K 



9/64 
9/00 



1,3,5,6 
1,2 



TECHNICAL FIELDS 
SEARCHED (Int. CI.4) 



G 06 F 15/70 
G 06 K 9/32 
G 06 K 9/64 



The present search report has been drawn up for all claims 



Place of search 


Date of completion of the search 


Examiner 


BERLIN 


22-06-1988 


ZOPF K 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& ; member of the same patent family, corresponding 
document 



